Abstract. The development of settlements in Vojvodina is
HUMAN SETTLEMENTS AS SOCIAL-ECOLOGICAL SYSTEMS
Cities are urban ecosystems that, unlike natural ecosystems, create large ecological footprint that reflects in degradation of natural habitats, as well as in the loss of biodiversity and ecosystem services (Alberti 1999) . The consequences brought along with urbanization processes are vital for the functioning of the ecosystem and its basic features. The main adverse effects on the environment are being shown through pollution of waterways, loss of biodiversity and climate change (ibid.).
Capacity of the environment, from local ecosystems to the biosphere, to sustain societal development seems to have been reduced over historical time and at increasing pace during the past century. At the same time, the capacity of ecosystems to remain within desired states in the face of abrupt change seems to have been reduced as a consequence of human actions. (Folke et al. 2005) .
In this paper, we address the question of sustainable development of small towns in Vojvodina region using the latest findings from the theory of resilient systems. In order to give an adequate answer, we establish an interdisciplinary research framework, which integrates urban and spatial planning with a discourse of urban ecology. Contemporary approach of urban ecology termed "ecology of the city" (as opposed to "ecology in the city") takes a multidisciplinary stance to understand the integrated social-ecological system by synthesizing the ecological understanding of specific organisms and processes, social behaviours, and the feedbacks among them (Cadenasso and Pickett 2013).
Understanding cities as static systems with one optimal stable state moved forward towards the knowledge that they are in fact dynamic, open systems, subject to constant changes with more stable states. This completely changed the understanding of sustainability. Today, reaching sustainability is considered to be a constant process of adaptation and response to new conditions and sudden impacts.
How did this sustainability paradigm shift affect the development of spatial and urban planning? New understanding of sustainability brings up the question of uncertainty and unpredictability of the future state of the system, i.e. the possibilities of urban planning and design to predetermine and fully anticipate the development of a human settlements. In this paper we will deal with sustainable development of small towns in Vojvodina from the aspect of a recent theory of ecological resilience which brings about sustainability paradigm shift and value basis of spatial and urban planning.
We will consider small towns to be systems containing both social and ecological component. We will use the term "social-ecological" system coined by Berkes & Folke (1998) to emphasize the integrated concept of humans in nature and stress that delineation between social and ecological systems is artificial and arbitrary. Research suggests that social-ecological systems have powerful reciprocal feedbacks and act as complex adaptive systems (CAS); hence, cities may be seen as quintessential examples of CAS. Such systems are characterized by self-organization, in which local interactions on a smaller scale result in the formation of patterns on a larger scale. In addition, they are also characterized by adaptive processes, i.e. processes of constant transformation in conditions of uncertainty and surprise. Based on these findings on CAS, the theory of ecological resilience has been developed.
From the perspective of resilience, sustainability does not mean keeping the system in a state of equilibrium by reducing the variability in the dynamics of the system, or optimizing system performances, but rather sustainability needs to be oriented towards the capacity of the system to create and test conditions and preservation of adaptive capacity (Holling 2001) . Therefore, resilience is the key to sustainability in socialecological systems (Walker and Salt 2006) . Preservation of the ability to self-organize faced with disorders is the crucial feature of resilient systems. According to Wu and Wu (2013) , all sustainable systems must be resilient, but not necessarily stable.
Based on the observation that ecosystems often have multiple alternate states Holling (1973) defined resilience as the ability of a system to absorb change and disturbance without changing its basic structure and function or shifting into a qualitatively different state. The resilience concept based on multiple alternate states has been called "ecological resilience" or "ecosystem resilience," which stresses persistence, change, and unpredictability (Holling 1996) . The ecological approach to resilience involves and affirms the fact that world is in constant flux, and does not take an interest in the ability to return to a kind of original state. Instead, it takes an interest in the possibility of adapting to external or internal processes not by keeping still, but rather by "staying 'in the game'" (Pickett, Cadenasso and Grove 2004).
FROM ECOLOGICAL TOWARDS SPATIAL RESILIENCE
Seen from a purely ecological point of view of the environment, it can be said that there are several groups of theories which can be broadly categorized into three basic groups:
1. EGOcentric, also known as Anthropological group of theories, which is based on the postulates of the central role of man and the subordination of the entire ecosystem to him. According to these theories, man is a "supreme being," and all activities in the eco-system adjust to his interests and his "well-being"; 2. ECOcentric group of theories, which is based on man being an equally important part of the ecosystem in relation to its other parts. This group of theories regards causality of activities of each of the factors of the ecosystem, with special attention to human activity that may, or may not have impact on any part of the ecosystem. The overall postulate of this group of theories is based on the conclusion made by Karl August Möbius (Allaby 2009 ), that all living beings of a system must be seen only as a part of the whole community that exists in the same habitat and they cannot exist independently of other beings in the community. 3. Resource group, also known as economic group of theories, which is based on preservation, especially of renewable resources. It is close to ECOcentric group of theories, but it emphasizes the future needs of humanity in relation to all the other factors of the ecosystem. According to some authors, this group of theories is a part of ECOcentric group of theories.
ECOcentric theoretical assumptions served as the basis for the creation of the concept of the so-called ECOcentric management whose aim is to improve the resilience of the ecosystem factors, regardless of the fact that there are no potential direct economic benefits. Thus, preference is given to social-ecological benefits of the whole system, that is, to the creation of a new, better level of life and environment.
However, how shall resilience be formulated in the case of the area that extends beyond the individual ecosystem, i.e. individually observed settlement? We can assume that if we want to define resilience of an urban ecosystem, for example, a small town in Vojvodina, it is necessary to view it in a broader inclusive spatial context, without clearly drawn boundaries, with established relations of interdependence on other wider socialecological systems.
The idea of spatial resilience first appeared in the ecology of coral reefs, where Nyström and Folke took also into account the processes that extend beyond the scope of an individual ecosystem: "Spatial resilience is the dynamic capacity to cope with disturbance and thresholds on spatial scales larger than individual ecosystems." (Nyström and Folke 2001) . It is a concept that ecosystem puts into the context of spatial integration, circulation and interdependence through multiple spatial levels, on wider systems it belongs to, but also on the more narrow systems that comprise it.
In order to form an integral frame for the qualification of spatial resilience of urban ecosystems, i.e. small towns in Vojvodina, will use the concepts of three disciplinary discourses: (1) the ecological discourse and concepts of panarchy and metacity, (2) the philosophical discourse and concepts of environment ('milieu') and network of towns and (3) the architectural discourse and concepts of polyvalence and flexibility.
(1) Ecological concepts annul the division into urban/rural and nature, emphasizing connectivity and continuity of movement from one area to another. Pickett and Cadenasso (2013) describe these conditions as spatial and organizational complexity, dynamism, and hybridity that seem to call for a new conception of urban systems. First, they introduced multi-faceted term to stand for the spatial extent and inclusivenes of urban systems: the CitySuburban-Exurban system (CSE). This spatial integration is the first step in conceptualizing the metacity as a tool for resilient, ecological urban design. Second, they introduced a concept of Metacity, by using prefix 'meta' to depict a system of systems. The use of meta prefix places the metacity in a nested hierarchical framework.
The term metacity can be used to refer to a single city as a system of spatially differentiated and differentially connected mosaics. These mosaics, like the metapopulations and metacommunities of ecological science, are thus systems of systems. Hence, a coarser scale spatial model of nested, functional mosaics with their internal and external connections emerges from placing the metacity in its larger context. Ecological scientists refer to such nesting of systems as a panarchy¹. Emphasis is on the need to understand a system of interest based on the finer scale systems it contains as well as the systems in which it is embedded. Both the embedded and containing systems are spatial and dynamic. "Meta" as used in ecology highlights both the nesting and the dynamism of urban systems.
According to Deleuze and Guattari (1980) a town does not exist as a single object, but always as a function of circulation, a remarkable point on the circuits that create it, and which it creates. A town is always in relation to other towns that make up the network but at the same time the network makes them: It is a phenomenon of transconsistency, a network, because it is fundamentally in contact with other towns.
Deleuze and Guattari place a city in the context of sort of nested systems: "this town, which is always part of a network, constitutes a power of the milieu, a power of the environment, the Umwelt. If I am in the town, then it is my environment, but the town itself is between other towns, which make its environment. Any "thing" can be described as an environment if we think of it at an appropriate scale."
The power of milieu and panarchy are the concepts that match as they both represent the horizontally established interdependence between nodes, the forced coordination. Towns are circuit points of every kind, which enter into counterpoint along horizontal lines; they affect complete but local, town by town, integration. Each one constitutes a central power, but it is a power of polarisation or of the environment (milieu), of forced coordination (Deleuze and Guattari 1980) . Due to this inherent relationship between the town and its 'milieu', it is necessary to expand the context of ecological resilience of a town as an urban ecosystem.
(3) Karrholm (2012) introduces the concept of spatial resilience transferring it to the discourse of urban planning and architecture. He performs analysis of the discourse of ecology, architecture and philosophy and links it first to the concepts of spatial flexibility (architects structuralists of the 50s) and polyvalence, as well as upgrade of flexibility: From a spatial point of view, concept of resilient spaces or a resilient city bears resemblances to the architectural concept of flexibility. As a concept, flexibility was often used to denote the possibility of changing the built structure in different ways and was later updated by Hertzberger as related concept of polyvalence (Hertzberger 2001 ). Karrholm finds this Hertzberger"s definition of polyvalence very much related to the concept of resilience and based on it provides a definition of spatial resilience from the perspective of urban planning and architecture: Spatial resilience is ability of spaces to cope with diversity and change while retaining their identity. Spatial resilience indicates the possibility of different usages, adaptations, affordances and even changes without changing identity altogether and becoming something other than itself. Regardless of the discipline and research discourse, it always involves circulation, dynamism and fluidity, as well as the relations of interdependence and existence (of urban system), which it assumes only within such a network. In short, spatial resilience comprises a network of flows of matter, inert or living, things or people.
In ecology megaregions comprise metacities, and change in such regions are themselves a metadynamic driven by changes within and between their metacities, as well as changes and connections in the larger global network of economy, resource flow, flows of genetic information, of biota, and of people. Virtual and literal connections are both important in the metacities and their larger context (Pickett et al. 2013 ).
Deleuze and Guattari (1980) presuppose existence of the city "only as a function of circulation, and of circuits; it is a remarkable point on the circuits that create it, and which it creates. It is defined by entries and exits; something must enter it and exit from it. It imposes a frequency. It affects a polarization of matter, inert, living or human; it causes the phylum, the flow, to pass through specific places, along horizontal lines." Towns, environments and subjects are presented as correlates of relation, the product of networks and flows.
Karrholm also claims that "polyvalent or resilient spaces can be described in terms of fluidity or, to be more specific, fluid topology. Fluid objects constitute a fluid stabilisation network through proliferation of objects of relation that act as mediators between the two spaces. In topological sense, fluid objects consist of a set of actors that all share a certain family resemblance. By acknowledging fluidity as a kind of spatial stabilisation, one might also open up for strategies that connect to new actors, previously "other" than original ones.
Relying on the aforementioned concepts, we will define the conditions for reaching spatial resilience of settlements as social-ecological systems. Firstly, it is impossible without a broader framework, their immanent milieu, i.e. a network of metaregions, metacities and metasettlements constituted by the structure of panarchy and information flows, animate and inanimate world. Secondly, in this constellation of settlements, each individual settlement has the role of a 'fluid object' which achieves relations of interdependence with other 'objects' thus achieving fluid network stabilization. As Karrholm (2012) suggests, the interdependence of settlements must be produced through multiscalar production of new "objects".
Thirdly, settlements must be characterized by hybridity and polyvalence that enables the proliferation of such relations. Spatial resilience of a settlement depends on how resilient the network of settlements itself is. At the same time, resilience of the whole network also depends on settlements.
Network of settlements in Vojvodina
A town is inseparable from the phenomenon of network and exists only in the immanent horizontal correlation with another town. According to Deleuze and Guattari (1980) it represents a threshold of deterritorialization, because whatever the material involved, it must be deterritorialized enough to enter the network, to submit to the polarization, to follow the circuit of urban and road recoding. Global network connectivity is disrupted by political organization and territorial division into a state (then a province, etc.) which has a tendency to disconnect a broader network of towns. Unlike the town, which is characterized by relations of trans-consistency and circulation, as stated by Deleuze and Guattari: "The State indeed proceeds otherwise: it is a phenomenon of intra-consistency. It makes points resonate together, points that are not necessarily already town-poles but very diverse points of order, geographic, ethnic, linguistic, moral, economic, technological particularities. It makes the town resonate with the countryside. It operates by stratification; in other words, it forms a vertical, hierarchized aggregate that spans the horizontal lines in a dimension of depth."
As a reflection of the state administration system, the system of urban planning in Serbia and Vojvodina is also hierarchically structured, with strict observance of the principle of vertical subordination of laws, plans, territory and administration. Space scales identify with administrative boundaries and typological classifications of areas so as to share the planning responsibility for solving, as Karrholm states, "intraterritorial problems and various fields of interest, which can lead to optimization of isolated elements, areas or aspects, but it will be harder for them to cope with multiple relations of the urban landscape." Accordingly, regional spatial plan of the Autonomous Province of Vojvodina (hereinafter RPPAPV) gives the following characterization of the network of settlements in Vojvodina:
"The network of settlements in Vojvodina has a favourable structure with welldifferentiated hierarchical relationship. (Figure1) Six major settlements with status of a city are evenly distributed on its territory: Sombor, Sremska Mitrovica, Subotica, Novi Sad, Zrenjanin and Panĉevo. The city with the highest rank is Novi Sad, which, according to ESPON² classification is classified as a Functional urban area (FUA) of international importance, while other cities present functional urban areas of national importance. Lower rank nodes, which have the role of local catchment areas, are classified as urban settlements. All urban areas are interconnected and within their functional areas have conditions for good physical communication with other settlements thanks to a developed road network and main roads." Planning and strategies for development are still very much treated as territorial issues set within the frames of a "hardedged container", (Healy 2005) , not fully dealing with the fact that a lot of relations, problems and phenomena are more and more enacted on new and multiple scales (Karrholm 2008).
Fig. 1 Network of settlements in Vojvodina
It is clear that, if the intention is to view settlements in the light of spatial resilience, space needs to be understood using multiscalar approach, as a landscape of nested (urban) ecosystems in constant interaction. Processes of spatial and urban planning in Serbia are largely isolated and insufficiently interdisciplinary, and it is necessary to introduce a new understanding of space as continuous landscape.
Today's network of settlements in Vojvodina is relatively evenly developed owing to the general planning reconstruction of the entire system of settlements during the eighteenth century, laying down the basic guidelines for the spatial distribution of population, and thus the appearance of today's network of settlements. Clusters and networks of towns are formed at the level of larger spatial units between towns that cooperate or have complementary functions. They are the main support for development and the carrier of activation of local potentials that individual towns possess (Bajić Brković 2010).
The main characteristic of settlements in Vojvodina is inherited planned composition of geometric character. In Vojvodina there are a total of about 467 settlements, which, in the territory consisting of 45 municipalities, form a network with a relatively low population density -for every 100 km² there is an average of 2.16 of settlements, which is far below the Republic average of 7.0 settlements per 100 km².
SMALL TOWNS AS URBAN-RURAL MEDIATORS
In order to establish relations of interdependence of different settlements one needs to establish a mediator. We need a third object, an object that can hold two (or more) objects together, as well as helping us to get to know these two (or more) objects better.
The proliferation of relational objects would also enhance the fluid stabilisation of settlements.
We identified small towns as key mediators in achieving relations of interdependence between different scales. Polyvalent urban-rural properties that characterize small towns are identified as relational objects that will establish interdependence through multiple scales with other types of settlements from the network.
The meanings of the terms "urban" and "rural" has always been based on emphasizing the difference between the two terms. This used to reflect more clearly marked differences between a town and a village, which are mirrored in the field of physical, social, cultural and economic dimensions of space. The differences could be accurately measured on a sociological level, using the criteria of population, population density and level of social diversity. However, complex transformation processes affecting settlements are of such character that they require reconsideration of the traditional binary division between town and village. Transformations are caused by the expansion of urban functions and an increasingly smaller share of agriculture in total economic activities in rural areas. This has also led to significant changes in the traditional understanding of the characteristics of rural (Kostreš 2012 ).
According to RPPAPV, settlements in Vojvodina are classified into three groups, based on the criteria of the size of settlements, population structure, level of development of certain town functions, position and importance within the network of settlements: (1) Townsmacro-regional center and other regional centers; (2) Urban settlements -subregional and smaller centers; (3) Rural settlements (RPPAPV, 2011). As stated by said Kojić (1973) , the majority of urban settlements in Vojvodina have the same urban-morphological characteristics as rural settlements as they have a similar urbanistic origin, and only did their development bring about differentiation. Therefore, in this case, both urban and rural are determined with the same planning character of settlements -measured and registered in the cadastre, with regulation, proper orthogonal network of streets and parcels, sewage and water infrastructure.
We will use information available in this classification regarding the categories of size and function and neglecting those categories that condition the establishment of any hierarchical relationship, such as position and importance. We will single out small towns which coincide in size and function with the second category of RPPAPV -Urban settlements -subregional and smaller centers; these include settlements whose population ranges from 2000 to 10000 residents, with the same morphogenetic characteristics, with a combination of agrarian function of rural character with the service or industrial function of urban character (RPPAPV 2011). In this group of settlements there is 44.14% of the population of Vojvodina. Also, these settlements include the maximum combining of urban functions with rural, i.e. agricultural, which are the basis of economic development of a province.
The combination of urban and rural character gives these settlements the polyvalent properties in terms of space, function and administration, and the potential of establishing a number of horizontal relations both in urban and rural areas. According to assumptions made by Bajec and Bajić (1992), settlements of 2000 -5000 residents may constitute support within the network of settlements that can provide minimum basic services that cannot be provided in the villages.
Fig. 2 Position of small towns in "milieu"
Negative consequences of urbanization mainly affect rural areas and small towns that "empty" since the population migrates to larger urban centers. The reason for this should be sought in the overall possibilities offered by urban lifestyle in terms of employment, housing, education, health care services and other urban functions. As stated by Bajec and Bajić (1992) "(...) people have in their consciousness urbanization, which as a way of life, affected villages as well, and progressed far in some respects: hence the differences between towns and villages are rightfully expected to be disappearing." Negative tendencies of development of towns in Vojvodina are characterized by polarization, population growth and concentration in larger cities as well as suburbanization. On the other hand, depopulation in smaller towns threatens to jeopardize the balanced regional development that is considered to be an important development goal in the European context, where polycentric urban development is one of the goals of European policy makers. Therefore, attention should be directed towards declining rural areas and more careful consideration of the role of small and medium-sized towns (Spasić et al. 2007) .
In relation to the urban-rural polarity, small towns are in the middle, disturbing such a binary division and allowing the establishment of a network consisting of varied settlements. Strengthening the network of small and medium-sized towns, the aim is to reduce this polarization between premium towns and periphery strengthening at the same time regional development. Small and medium-sized towns have a chance to re-evaluate rural areas and represent the 'golden mean' in urban and regional planning, combining the advantages of towns and rural areas (ibid.).
Position of small towns in "milieu" is crucial for the environment (milieu), as they have the role of metacity and possess a maximum capacity of connecting with larger and smaller urban ecosystems. (Figure 2 ) They can be equally effectively connected with towns and villages, but settlements from the same category as well. However, realizing these potentials depends largely on how much they have developed their economies, and on the ways in which the links between them and larger towns are organized. If they serve only as a mediator in the exhaustion of rural areas and their resources, which are then invested in metropolitan areas, small towns represent a parasitic urban form. Since the mediator properties are crucial for the establishment of spatial resilience, development of small towns needs to be planned in accordance with features of "a resilient world", as precisely defined by Walker and Salt (2006): 1. Diversity: Promoting diversity in all its dimensions, from biological to economic, and encouraging multiple components and resource uses to balance and complement homogenizing trends.
2. Ecological variability: Seeking to understand and work with the boundaries of the inherent variability of ecological and socio-ecological systems; attempting to tame such variability is often a recipe for disaster.
3. Modularity: Maintaining modularity can help hedge against dangers of low resilience caused by over-connectedness in system structure and function.
4. Acknowledging slow variables: Managing for resilience means understanding the "slow" or controlling variables that underpin the condition of a system, especially in relation to thresholds. By recognizing the importance of these critical variables, we can better avoid shifts to undesirable stable states and possibly enhance the capacity of a desirable regime to deal with disturbances.
5. Tight feedbacks: Tightening or maintaining the strength of feedback loops allows us to better detect thresholds. The weakening of feedback loops can result in an asymmetry between our actions and the consequences stemming from them. Salient examples of such dynamics include pollution and overconsumption.
6. Social capital: Promoting trust, social networks, and leadership to enhance the adaptive capacity for better dealing with the effects of disturbance.
7. Innovation: Embracing change through learning, experimentation, and promoting locally developed rules. Instead of narrowing our range of activities and opportunities, we should be seeking to explore and cultivate new ones.
8. Overlap in governance: Developing institutional arrangements that manage for cross-scale influences. Developing "redundancy" and overlap in governance frameworks enhances response diversity and flexibility.
9. Ecosystem services: Recognizing and accounting for ecosystem services when managing and designing for resilience. The benefits society derives from nature are regularly underpriced and ignored. Such services are often lost as social-ecological systems shift into different, less desirable regimes.
In spatial and ecological terms, small towns have great potential regarding the development of green infrastructure, as strategically planned and maintained networks of green and water and other environmental elements that are vital to the ecological resilience of urban areas. The potential is based on the features of physical construction of these settlements, planned and built in the seventeenth century by the Austrian-Hungarian military planners and engineers, and modeled after the patterns of ideal garden cities of the time. These elements of urban matrix, which are integrally planned with agricultural systems, irrigation channels and roads in the function of agricultural production, are compatible with today's needs for adaptation of settlements to all kinds of social or environmental changes and allow a connected and permeable network of green infrastructure.
CONCLUDING REMARKS
In this paper we reviewed the sustainable development of small towns in Vojvodina using the latest knowledge from the theory of resilient systems. We described achieving sustainability as a constant process of adaptation and response to the new conditions and sudden impacts. In order to provide an adequate answer, we established an interdisciplinary research framework, which integrated urban and spatial planning with a discourse of urban ecology and philosophy.
We assumed that resilience of one urban ecosystem, for example a small town in Vojvodina, needs to be regarded in a wider spatial context, without clearly drawn boundaries, with established relations of interdependence with other wider social-ecological systems.
To form an integral frame for the qualification of spatial resilience of urban ecosystems, i.e. small towns in Vojvodina, we used concepts of three disciplinary discourses: ecological, philosophical discourse and architectural-urban discourse as well as concepts of panarchy, metacity, polyvalence and flexibility.
Because of the inherent relationship between a town and its 'milieu', we expanded the context of ecological resilience of a town as an urban ecosystem. For this purpose we used the concept of spatial resilience, as dynamic capacity of the system to cope with disturbances and environmental thresholds on spatial scales larger than an individual ecosystem. 
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